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The organic compounds found adsorbed on coal fly ash have been a cause for concern 
since the early days of the industrial revolution. A vast majority of the compounds reported 
as being adsorbed on the ash are polyaromatic hydrocarbons (PAHs). This study represents 
an attempt to evaluate the parameters involved in the extraction, detection and quantitation 
of these organic compounds. Though no definite conclusions could be reached as to the most 
efficient method of extraction, interesting results were obtained with regarding the choice of 
the solvent and the temperature programming on the GC/MS used for analysis. The solvent 
of choice appears to be methylene chloride. A slow heating rate appears to give better results 
as compared to one in which the components elute out in a short time. 
IX 
I. INTRODUCTION 
Coal is the most plentiful fuel resource in the United States. As natural gas and oil 
reserves diminish, it has become apparent that alternate energy sources must be developed. 
One candidate for replacement fuel is coal. One major drawback to coal combustion is the 
increased level of air pollution. As a consequence, both regional and national EPA officials 
have become concerned over the potential environmental impact from increased combustion 
of coal. The major problem confronting the regulating agencies has been the lack of sufficient 
information to make policy decisions.1 
The release of organic pollutants into the environment by the burning of carbonaceous 
fuel has been a cause for concern since the industrial revolution in England. At the start of 
the studies conducted by Junk et al.2 at the Ames Laboratory to assess the impact of solid, 
liquid and gaseous effluents, the analytical methodology was inadequate. Priority was thus 
given to 
1) Identifying analytical difficulties; 
2) Devising methods to resolve the most critical problems; 
3) Using nascent methodology to determine those components which pose an 
environmental threat. 
Concurrent with the growth of better sampling procedures were the constant 
improvements in extraction, separation, identification and quantitation of organic compounds. 
Stress was placed on select categories of compounds such as polycyclic organic materials, 
1 
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abbreviated POM. The POMs are defined as chemical substances containing a structural unit 
of at least three unsaturated rings. Polycyclic aromatic hydrocarbons (PAHs) are a subset of 
POM containing carbon and hydrogen only. It has been confirmed that some of the POMs 
are carcinogenic.3 The best available techniques were used to study these classes of 
compounds on account of their chronic effect and suggested potential threat. 
There is now a considerable body of evidence suggesting that those polyaromatic 
hydrocarbons (PAH) are formed as a result of combustion of carbonaceous fuel. Its 
formation is accelerated by reducing conditions, and similar amounts of individual compounds 
are produced irrespective of the fuel being consumed. The detailed mechanism of its 
formation, is however, unknown.4 It is thought to proceed through a free radical mechanism 
in the gaseous phase. The objective of these exercises was to tabulate PAH known to be 
emitted during the combustion of coal, incineration of waste, or a combination thereof. The 
organic compounds from each process are further categorized as follows: grate ash, fly ash 
and stack emissions. Stack emissions in some cases are further categorized as suspended 
particulates and vapor. In 1975, organic compounds in stack emissions, fly ash and grate ash 
were analyzed by Cowherd et al.5 PAH and polychlorinated benzene (PCBs) were detected, 
and quantitative studies were also performed. Studies indicated seven major components in 
grate and fly ash. However, none were detected in the coal fuel itself6 
Coal is defined (by agreement) as an organic rock of high carbon content. Hence, 
during the combustion of coal, emission of different types of organic compounds is to be 
expected. PAH emissions like benzo (a) anthracene and benzo (a) pyrene along with a host 
of others were encountered during the incineration of commercial, municipal and open refuse 
burning. The sources of PAH emissions as identified by Hangebrauck and coworkers7 were 
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combustion of coal, oil and gas, industrial processes and motor vehicles. In 1977, Lee et al.8 
generated a list of PAHs emitted from the combustion of coal (small amounts) in the 
laboratory. It was compared with that emitted from burning of wood and kerosene. Their 
conclusions can be summarized as follows 
1) There is a relatively greater concentration of alkylated PAH in 
combustion products of coal; 
2) In the combustion of wood and kerosene there is a greater concentration of 
high molecular weight compounds; 
3) There is a greater percentage of sulfur-containing compounds in extracts from 
coal soot. 
In retrospect, the 1985 review 2 of organic emissions from coal combustion suggests that 
1) Ninety-nine specific compounds have been detected; 
2) The emphasis on PAH has distorted the distribution of identified compounds; 
3) Quantitative data for specific compounds other than PAH and PCB 
(polychlorinated benzene) are negligible, if any. 
Emissions from the open burning of refuse, tires, etc, were studied by other groups of people. 
Besides PAH, other organic compounds were hydrocarbons measured as methane, and 
formaldehyde and organic acids measured as acetic acid. Conflicting reports indicating the 
absence of PAH and PCB in the fly ash are also abounding. These conflicting reports may 
probably be due to differences in sampling methods and the nature of the samples. 
Several groups of workers studied compounds in incinerator stack emissions by 
adsorption on a Tenax trap followed by heat desorption into a gas chromatograph. The 
reported detection of polychlorodibenzodioxins (PCDDs) and polychlorodibenzofiirans 
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(PCDFs) in the fly ash reflects the advances in the GC/MS systems for the detection of 
organohalogens. The work of Buser et al.9 shows that PAH and other similar substances can 
be destroyed in an acceptable manner by controlled combustion at temperatures greater than 
500°C and times longer than one second. It has also been suggested that PCDD and PCDF 
may be formed by the uncontrolled burning of PCBs. The disposal of grate ash and fly ash 
must be considered in environmental assessments, because of the impact of these materials 
on landfills and ground water. The general approach to this problem thus far has been to 
characterize sources according to the presence of compounds such as PAH, priority pollutants 
and other compounds that fit into an acceptable regimen. Such an approach, though it yields 
numbers for interpretation, oversimplifies a complex problem which requires extensive 
research. Mutagenicity testing for carcinogenic material appears to be a step in the right 
direction, but this approach also ignores the problems associated with sampling and 
extraction. 
Increased efficiency of sampling and extraction procedures became the need of the 
day. Studies done by Wienecke et al.10 state that PCDD was not detected in emissions of coal 
fired plants. Carcinogens such as PAH were preferentially concentrated on the surface of 
respirable fly ash particles thus enabling them to come into intimate and long lasting contact 
with lung tissue. Analysis of the compounds adsorbed on the fly ash was done, using a 
combination of gas chromatography/mass spectrometry (GC/MS). Factors such as the 
column temperature, injection mode (with or without splitting), interface temperature and 
voltage seemed to have an effect on the analysis. Compounds were identified on the basis of 
their mass to charge ratios. The internal standard used was 1,3,5-triphenylbenzene. 
5 
In studies done by Junk et al.11 organic compounds released during the combustion 
of coal and a combination of coal and refuse derived fuel (RDF) were studied. Emphasis was 
given to extraction and quantitation of PAH, PCBs and dioxins. For volatile organic 
compounds emitted in the vapor phase a macromolecular resin XAD-2 was used. Organic 
compounds adsorbed were recovered by elution using methylene chloride. Diethyl ether was 
used when the analysis made use of the electron capture detector (ECD). In the case of fly 
ash, no standard and accepted procedures were available in the literature. Soxhlet extraction 
with benzene, benzene-methanol, benzene saturated with HC1, toluene, toluene-methanol 
azeotrope and methylene chloride were used. Sonic extractions using probe and bath, as well 
as pretreatment of the ash with acid and water, were also tested. No single method resulted 
in significant improvement in extraction efficiency. Solvent partitioning using solvents such 
as dimethyl sulfoxide or nitromethane to remove polar and nonpolar interfering compounds 
was also tried. Fractions were also separated on the basis of their acidic, basic and neutral 
natures. 
Detection and identification were done primarily using the GC/MS with external 
standards. For positive identification, mass spectra were compared with authentic samples 
and GC retention times agreed within two seconds. Exact quantitative measurements were 
not possible for all the identified compounds; hence semi-quantitative measurements were 
done. The distinction between aromatics and PAHs was set at three conjugated six-member 
rings. Their studies showed that the extent of PAH condensing on fly ash particles was well 
below the //g/g quantities present on surrounding air particles. 
Another series of experiments performed by Hanson and co-workers12'13 claimed that 
there is a greater concentration of organic compounds in the vapor phase as compared to that 
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adsorbed on ash particles. The distribution of polynuclear aromatics (PNA) between the 
vapor and particle phases is a function of temperature. Cooling and diluting the exhaust 
promotes adsorption onto the ash. None of the vapor phase samples were found to be 
mutagenic, but the same compounds adsorbed on the fly ash are probably converted into 
compounds that are mutagenic. About one gram of Tenax resin was chosen as an organic 
adsorbent because of its thermal stability and ability to collect PNAs from effluents. Tenax 
was pre-extracted, using n-pentane prior to use. It was then Soxhlet extracted for six hours 
using n-pentane and then concentrated to 1 milliliter by rotary evaporation. Methylene 
chloride was used for the ash. All solvents were glass distilled prior to use. Ash was 
extracted using methylene chloride for seven hours in a Soxhlet spiked with 14C 
Benzo [a] pyrene (BaP). It was further extracted using an ultrasonic bath for an hour. 
Extraction efficiency was found to be 101% for the ultrasonic bath and 66% for the Soxhlet. 
Recovery after concentration using the Kuderna Danish concentrator and rotary evaporation 
was studied and they were found to be similar. Identification was based on retention times 
and peak matches with known compounds. A response factor was calculated by dividing the 
sum of the areas of the peaks by the total weight of the standards injected. Extracts were then 
quantified using the ratio of the sum of areas to the average response factor. The internal 
standard used was 1,3,5-triphenylbenzene. The ash surface was also determined. They 
concluded that trace amounts of PNAs were associated with ash samples collected by 
fluidized bed combustion (FBC) systems. 
Different researchers have diverse opinions on the qualitative and quantitative aspects 
of organic emissions, possibly due to differences in extraction methods, adequacy of spike 
recovery, completeness of the extraction technique and possible chemical reaction during 
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extraction. Uncertainty of the GC detector response to unknown compounds in extracts and 
presence of nonvolatile material from extracts could also be a contributing factor to 
conflicting opinions. 
Studies conducted by Harrison and others14 showed that the use of methanol 
containing solvents resulted in the esterification of organic acids, thereby distorting the 
results. Samples of the fly ash were rotary extracted using a 1:1 ratio of toluene and 
methylene chloride. Fractions were separated on the basis of pH prior to extraction and 
samples were spiked with 10d anthracene and 1-chloronaphthalene in acetone. In general, 
their research found that sonication is better than Soxhlet extraction. These studies also 
showed that while methylene chloride is a poor solvent for BaP, it is quite good for 
naphthalene. Also, naphthalene is easier to recover. Ultrasonic extraction was also an order 
of magnitude more sensitive for the extraction of BaP using toluene methanol (80:20) as 
solvent. Using an average response factor generated bias in quantitation—i.e., it 
underestimated high molecular weight hydrocarbons by 18% and overestimated low 
molecular weight compounds by 10%. 
Experiments done by Fennelly, Durocher and their group15 studied the relation 
between product distribution in coal pyrolysis and temperature. They concluded that most 
organic pollutants are formed during the combustion of volatile hydrocarbons. At 
temperatures of 900°C, the major reaction is ring closure, condensation and aromatization. 
Compounds produced during low temperature pyrolysis (startup and shutdown) generally 
contain single aromatic rings or heterocyclic compounds with alkyl side chains. Studies were 
also done on oxidative and photochemical transformations of particles adsorbed on fly ash.16 
Oxidation studies were preliminary, but it could be concluded that the particles adsorbed on 
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the surface of fly ash were resistant to photochemical transformation. Certain components, 
however, could be oxidized in the presence or absence of light. In order to get a clearer 
picture of the extent of emissions of volatile organic compounds, vapor emissions as well as 
particles adsorbed on the ash were measured. Comparison between the two was difficult due 
to differences in collection efficiency. 
Another series of experiments conducted by Shen, Garcia17'18 and other members of 
their team related PAH emission levels to combustion characteristics such as fuel type and 
firing methods. They also tried to study the correlation between station load, coal types and 
fuel blends used. They found that the effect of coal type on emissions is smaller than that of 
the load and type of furnace, but no trend could be established. The emission levels seemed 
to depend on particular parameters of each sampling site rather than on coal type. They also 
compared emissions from power plants to that from automobiles and found that the impact 
of the latter on the environment is by far the more significant. 
Table 1 summarizes the major organic compounds cited in five or more of the forty 
or more literature sources reviewed prior to undertaking this study. Most of the compounds 
reported are polynuclear hydrocarbons (PAHs). Relatively few contain hetro atoms. 
The review of relevant literature pertaining to organic emissions from the combustion 
of coal and coal/refuse mixtures suggests the need for additional studies. The poor 
correlation between emission from coal combustion, refuse incineration, and their 
combination reflects the incomplete nature of research in these areas. Although there is a 
shortage of literature information concerning the identification and quantitation of organic 
compounds emitted during combustion processes, it is still an active area of research. The 
knowledge yet to be learned will play a key role in the accurate estimation of the 
9 
environmental impact of burning coal and a combination of coal and refuse to generate 
energy. 
Table 1. Major Organic Compounds Reported During the 
Combustion of Coal19 
Compound Molecular weight 
acenaphthene 154 
acenaphthylene 152 
anthanthrene 276 
anthracene 178 
benz[a]anthracene 228 
benzfluoranthene(s) 252 
benzo[ghi]perylene 302 
benzophenanthrene(s) 228 
benzo[a]pyrene 252 
benzo[e]pyrene 252 
biphenyl 154 
chrysene 228 
coronene 300 
cresol(s) 108 
dibenz[a, h] anthracene 278 
dibenzofuran 168 
dibenzopyrene(s) 302 
dibenzothiophene 184 
dimethylbenz[a] anthracene 256 
dimethylnaphthalene(s) 156 
Table 1. Major Organic Compounds Reported During the 
Combustion of Coal19 (continued) 
Compound Molecular weight 
fluoranthene 202 
fluorene 166 
indeno[l,2,3-cd]pyrene 290 
methane 16 
methylanthracene(s) 192 
3 -methylcholanthrene 268 
methyldibenzofuran 182 
methylnaphthalene(s) 142 
methylphenanthrene(s) 192 
methyl pyrene(s) 216 
naphthalene 128 
perylene 252 
phenanthrene 178 
phenol 94 
pyrene 202 
xylene(s) 106 
II. EXPERIMENTAL 
A. The Approach 
The plan used to complete this study is outlined in the following steps: 
• Locate clean fly ash or ash with organic content too low to be detected. 
• Prepare "standard ash" by doping the ash with known amounts of eight selected 
polynuclear hydrocarbons (PAHs). 
• Establish detection limits in both the "SCAN" and "SIM" modes on the Shimadzu QP 
5000 GC/MS system. 
• Establishing a good extraction technique using standard ash and toluene-methanol 
azeotrope as solvent system. The methods compared were the Soxhlet, Ultrasonic 
and Reflux slurry extractions. 
• Using the most efficient method established, study the solvent effects. Solvents 
chosen for the study were toluene, xylene and methylene chloride. 
• Quantitation and extraction efficiencies using the internal standard 4-bromophenyl 
ether. 
B Preparation of the Standard Ash 
Fly ash from the Tennessee Technological University (Tenn. Tech.) was characterized 
by elemental analysis at the Materials Characterization Center at Western Kentucky 
University. The results of the elemental analysis are given in Table 2. 
12 
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Table 2. Results of the Analysis of Fly Ash From Tennessee Tech University 
Analysis As Determined Dry Basis Dry Ash Free Basis 
Moisture 0.78 N/A N/A 
Ash 70.12 70.67 N/A 
Vol. Matter 6.17 6.22 21.20 
Btu/pound 4280 4314 14708 
Carbon 27.44 27.66 94.30 
Hydrogen 0.39 0.31 1.04 
Nitrogen 0.21 0.21 0.72 
This ash was subjected to a series of extractions using different solvent systems such 
as toluene (HPLC grade, 99.8% purity, E.M. Science), methanol (HPLC grade, 99.8% purity, 
Aldrich Chemical Company), methylene chloride (HPLCgrade, 99.5% purity, Aldrich 
Chemical Company) and 1,2-dichloroethane. All solvents were glass distilled before use. 
Different extraction methods such as the ultrasonic and Soxhlet extractions were used. The 
extracts of each series of experiments were analyzed using the Shimadzu QP 5000 GC/MS 
(gas chromatograph/mass spectrometer) system. Since the results of the replicate analyses 
of the various extracts did not indicate any significant amount of adsorbed PAHs, this was 
chosen as the candidate ash. 
A standard solution was first prepared using known amounts of eight of the PAHs 
most often reported in the literature. The components and the respective amounts used are 
14 
given in Table 3. All components were commercially obtained from the Aldrich Chemical 
Company and were 99.9% and more in purity. 
Table 3. Composition of the Standard Ash. 
Component Concentration (grams/100 mL) 
Naphthalene 1.140 g 
Acenaphthene 1.140 g 
Fluorene 1.140 g 
Anthracene 0.7125 g 
2-Methylanthracene 0.2777 g 
Pyrene 0.9975 g 
Chrysene 0.7125 g 
The solvent used was 100 mL of toluene-methanol azeotrope. Azeotropic 
composition is 69 parts toluene and 31 parts methanol by volume. One mL of this solution 
was kept aside for studies on detection limits. The remainder of the master solution was 
poured over the ash and the resulting mixture was well stirred. The ash was then air dried for 
forty-eight hours to allow the solvent to evaporate. It was then dried in an oven at 50°C for 
six hours to facilitate removal of the solvent and minimize the loss of naphthalene due to 
sublimation. The ash was then stored in a plastic container at room temperature. 
Another standard ash was also prepared. In this case, only two of the components -
anthracene and pyrene were used to minimize problems due to sublimation of the volatile 
15 
components such as naphthalene. A 0.2504 g sample of pyrene and 0.2503 g of anthracene 
were dissolved in a small amount of toluene. The solution was then made up to 25 mL and 
poured over 100 g of the Tenn. Tech ash. A total of 8 mL more of toluene was added in 
order to bring the ash to incipient wetness. The ash was then air-dried for forty-eight hours 
and then oven dried at 100°C. The ash was then stored in a plastic container. 
C. Internal Standards 
Instead of the usual deuterated PAHs, 4-bromophenyl ether (BPE) was used as the 
internal standard. The reasons were two fold: to minimize the cost and to reduce the extent 
of exchange between the standard and component. About 0.0625 g each of BPE, anthracene 
and pyrene was dissolved in 25 mL of toluene and used as the stock solution. The purpose 
of adding anthracene and pyrene is to determine the relative ease of ionization of these 
compounds. This stock solution was then successively diluted. The solutions containing the 
internal standards were analyzed by two different analytical methods; FASTSCAN and PAH, 
to determine the linear working range of the instrument. 
D. Instrumental Analysis 
The instrumental method of primary importance as an analytical tool during the course 
of this study was gas chromatography/mass spectrometry using the Shimadzu QP 5000 
GC/MS system. The principal objective of the GC/MS analysis of the atmospheric fluidized 
bed combustor (AFBC) combustion gases and leachates of residual fly ash is to determine the 
extent of production of organic compounds and the various classes of organic compounds 
formed, with emphasis on chlorinated organic compounds and PAHs. This analysis is an 
important one because many members of the above mentioned classes of compounds exhibit 
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very high toxicities. While these compounds are not native to coal itself, they are thought to 
be formed by various condensation reactions that may occur during combustion. 
Fly ash samples will be extracted and the extracts concentrated. These procedures 
permit substantial pre-concentration of any organic material produced as a by-product of 
combustion. The Shimadzu QP 5000 GC/MS was custom designed for this project. The gas 
chromatograph includes a digitally settable sample splitter and connections for two parallel 
GC columns. The carrier gas flow rate through each of these columns is computer-
controlled. Since at higher temperatures, the viscosity of a gas increases, it becomes 
necessary to program the gas pressure in order to maintain the same flow rate throughout the 
analysis. One column leads to the MS interface, the other to the electron capture detector 
(ECD). The mass spectrometer operates in the electron impact (EI) mode in the range of 10 -
700 amu with a standard 70 eV source, and is fitted with a 151 L/sec turbo molecular pump, 
a high capacity that facilitates the use of 0.32 mm capillary column for analysis. The parallel 
ECD detector is sensitive to molecules containing chlorine atoms. Depending on operating 
conditions, its sensitivity may vary. This signal is fed into a computer, permitting 
simultaneous display of TIC (total ion current) and ECD chromatograms. Once located, the 
mass fragmentation spectra of target compounds can be compared with the NIST/EPA/NIH 
62,000 compound database, which includes compounds that make up the standard mixtures 
of polynuclear aromatic hydrocarbons, chlorinated hydrocarbons and phenols. 
The columns are 0.32 mm paired ones 60 m in length. The stationary phase is RTX-1 
(bonded dimethylpolysiloxane). The stationary phase coating has a thickness of l//m. The 
component capacity of this column is approximately 500 ng with a resolution nearly as high 
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(almost 84%) as that of a 0.25 mm column of the same length which allows for detection and 
identification of smaller amounts of minor components. 
In preparation for the identification of individual organic compounds formed in the 
course of coal combustion, scientific papers published in the last twenty years have been 
surveyed. Only three compounds (cited by five or more of the references surveyed) showed 
heteroatoms—dibenzofuran, dibenzothiophene and phenol. The others are all aromatic 
compounds, most of them being PAHs. The GC/MS channel and the parallel ECD channel 
have been separately calibrated for pressure/temperature/flow rate relationships from 60°C 
to 330°C, pressures up to 400 kPa and flow rates between 1.2 and 2.2 mL/min.21 
E. Method Development 
Standard mixtures containing different PAHs were obtained from the RESTEK 
Corporation. The mixtures contained a combination of deuterated and partially hydrogenated 
PAHs. Using these mixtures, a series of GC temperature pressure programs were created. 
The purpose behind this exercise is to study the resolution of the instrument. The three 
temperature programs are given in Table 4. All of these methods were able to successfully 
resolve close pairs such as anthracene and phenanthrene. The exact retention times were 
verified using authentic samples. 
Table 4. Analysis Parameters (Pressure Temperature Relationships) 
for the Gas Chromatograph 
A. PAH Method 
Injector Temperature: 250°C 
Initial Temperature: 150°C 
Rate (0C/min) Temperature ( °C) Time fmin) 
5.00 200 7.00 
7.00 230 9.00 
5.00 280 5.00 
7.00 310 5.43 
Split ratio: 20 
Initial Pressure: 122.30 kPa 
Rate (kPa/min) Pressure (kPa) Time fmin) 
1.30 135.90 7.00 
1.00 143.10 5.00 
0.90 153.60 7.00 
0.90 159.10 0.6 
B. L5051031 Method 
Injector Temperature: 340°C 
Initial Temperature: 100°C 
Rate CC/min) Temperature (°C) Time fmin) 
5.00 170.00 0.00 
5.00 250.00 0.00 
5.00 310.00 48.00 
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Table 4. Analysis Parameters (Pressure Temperature Relationships) 
for the Gas Chromatograph (continued) 
Split ratio: 
Initial Pressure: 
C. Fastscan Method 
Injector Temperature: 
Initial Temperature: 
Split ratio: 
Initial Pressure: 
20 
106.50 kPa 
Rate (kPa/min) 
1.50 
1.30 
1.00 
3.00 
340°C 
100°C 
Rate rC/min) 
20.00 
20.00 
20.00 
20 
106.50 kPa 
Rate (kPa/min) 
6.20 
5.00 
3.90 
6.40 
Pressure (kPa) 
128.00 
147.50 
159.10 
250.20 
240 
310 
Pressure (kPa) 
125.20 
145.30 
159.10 
254.60 
Time (min) 
0.00 
0.00 
0.00 
18.7 
Temperature (°C) Time(min) 
160 0.00 
0.00 
17.50 
Time (min) 
0.00 
0.00 
0.00 
2.6 
III. RESULTS AND DISCUSSION 
A. Detection Limits 
A 1 mL portion of the solution containing known amounts of eight of the most 
common PAHs was used. This solution is the same one used to prepare standard ash. A 1 
mL portion of the original solution was diluted by adding 2 mL of methylene chloride. A 
series of twelve successive dilutions labeled SP 1 to SP 12 was generated. The concentration 
of the individual components in ng///L of solution is given in Table 5. 
A 1 //L (nominal) portion of solution was used for injection. The split ratios (ratio 
of the amount of analyte actually entering the column to that going to the waste stream) used 
for analysis were 100:1 and 15:1. At higher concentrations, the higher split ratio was used 
in order to minimize the extent of saturation of the MS filament. Table 6 illustrates on column 
load for a 15:1 split ratio for the different components. The on column load is calculated as 
follows: 
Sample injection of 1 //L nominal volume is actually 1.7 uL. 
On column load = Concentration of the species (ug/uL) x 1.7 mL 
Split Ratio 
Results for three of the components - naphthalene, fluorene and acenaphthene - are given 
below. The program used for analysis had an injector temperature of 340°C, and an oven 
temperature starting at 100°C, final temperature of 310°C, holding at that temperature for 
nine minutes. Split ratios used were 100:1 and 10:1. Table 7 shows the on column load and 
the corresponding peak areas for seven different dilutions of naphthalene. 
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Table 5. Components and Their Concentrations in Solution Used for Detection Limits 
Sample Number Component Concentration (ng/,uL) 
SPO 
SP 1 
SP 2 
SP 3 
SP 4 
SP 5 
SP 6 
SP 7 
SP 8 
SP 9 
SP 10 
SP 11 
SP 12 
Naphthalene/ 
Acenaphthene/ Fluorene 
11400 
3.800 E+03 
1.267E+03 
4.222E+02 
1.407E+02 
4.691E+01 
1.564E+01 
5.213E+00 
1.738E+00 
5.792E-01 
1.931E-01 
6.435E-02 
2.145E-02 
Anthracene/ 
Chrysene 
712.5 
2.375E+02 
7.917E+01 
2.639E+01 
8.796E+00 
2.932E+00 
9.774E-01 
3.258E-01 
1.086E-01 
3.620E-02 
1.207E-02 
4.022E-03 
1.341E-03 
2-Methyl-
anthracene 
277.7 
Pyrene 
997.5 
9.275E+01 3.325E+02 
3.086E+01 1.108E+02 
1.029E+01 3.694E+01 
3.428E+00 1.231E+01 
1.143E+00 4.105E+00 
3.809E-01 1.368E-00 
1.270E-01 4.561E-01 
4.233E-02 1.520E-01 
1.411E-02 5.068E-02 
4.703E-03 1.689E-02 
1.568E-03 5.631E-03 
5.225E-04 877E-03 
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Table 6. On-column Load for Nominal 1.0 /JL Injection and 10:1 Split Ratio 
Sample Number Component Concentration (ng/uL) 
SPO 
SP 1 
SP 2 
SP 3 
SP 4 
SP 5 
SP 6 
SP 7 
SP 8 
SP 9 
SP 10 
SP 11 
SP 12 
Naphthalene/ 
Acenaphthene/ Fluorene 
1.762E+03 
5.873E+02 
1.958E+02 
6.525E+01 
2.175E+01 
7.205E+00 
2.417E+00 
8.056E-01 
2.685E-01 
8.951E-02 
2.984E-02 
9.946E-03 
3.315E-03 
Anthracene/ 
Chrysene 
1.101E+02 
3.670E+01 
1.223E+01 
4.078E+00 
1.359E+00 
4.531E-01 
1.510E-01 
5.035E-02 
1.678E-02 
5.594E-03 
1.865E-03 
6.216E-04 
2.072E-04 
2-Methyl-
anthracene 
4.292E+01 
Pyrene 
1.542E+02 
1.431E+01 5.139E+01 
4.769E+00 1.713E+01 
1.590E+00 5.710E+00 
5.298E-01 1.903E+00 
1.766E-01 6.344E-01 
5.887E-02 2.115E-01 
1.962E-02 7.049E-02 
6.541E-03 2.350E-02 
2.180E-03 7.832E-03 
7.268E-04 2.611E-03 
2.423E-04 8.702E-04 
8.076E-05 2.901E-04 
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Table 9. Quantitative Response of Acenaphthene in Standard Dilutions 
(A) With Split Ratio 100:1 
Sample Concentration (g/L) On Column Load (ug) Peak Area (x 10 "3) 
SP 1 3.800 6.46E-02 17529.08 
SP 2 1.267 2.15E-02 6268.03 
SP 3 0.4222 7.177E-03 1963.83 
SP 4 0.1407 2.392E-03 571.91 
SP 5 0.0469 7.973E-04 122.06 
(B) With Split Ratio 15:1 
SP 3 0.422 4.478E-02 13788.58 
SP 4 0.1407 1.595E-02 4011.90 
SP 5 0.04691 5.316E-03 1439.38 
SP 6 0.01564 1.773E-03 361.71 
SP 7 5.213E-03 5.908E-04 121.40 
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Figures 1 and 2 show plots of naphthalene peak area vs. nanograms on column (on column 
load in ng). Figure 2 is fairly linear from about 0.5 ng to 8 ng with an R2 of 0.9964. Figure 
1 extends this to 60 ng. 
Table 8 shows on column load and corresponding peak areas for seven different 
dilutions of fluorene. Figures 3 and 4 are plots of peak area vs. on column load. The 
response is similar to that obtained in the case of naphthalene. Middle range includes those 
concentrations where the peak area is less than three million counts. High range incorporates 
those concentrations where the peak areas lie between 3 and 20 million counts. The response 
obtained for acenaphthene and its correlation to on-column load is illustrated in Table 9 and 
Figures 5 and 6. All of the graphs show a linear response with respect to the range of 
interest. 
Detection limit is defined as three times the standard deviation of the noise. Figure 
7 shows a chromatogram of solution SP 3. The peaks represented in the chromatogram are 
as follows: 1) acenaphthene, 2) fluorene, 3) anthracene, 4) 2-methylanthracene, 5) pyrene, and 
6) chrysene. Detection limits for the different components are given in Table 10. The 
minimum detectable limit (MDL) was estimated by examining peak heights and baselines with 
three very dilute solutions, since the peak heights are linear with the concentration in these 
ranges. 
(MDL) = [observed concentration] x 3 x [baseline noise height] 
[observed height] 
These results have been compared to similar work done earlier by Harrison et al.14 
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Table 9. Quantitative Response of Acenaphthene in Standard Dilutions 
(A) With Split Ratio 100:1 
Sample Concentration (g/L) On Column Load (us) Peak Area (x 10 "3) 
SP 1 3.800 6.460E-02 19061.50 
SP 2 1.267 2.150E-02 6747.00 
SP 3 0.4222 7.177E-03 2031.06 
SP 4 0.1407 2.392E-03 533.99 
SP 5 0.0469 7.973E-04 140.20 
(B) With Split Ratio 15:1 
SP 3 0.422 4.78E-02 13566.20 
SP 4 0.1407 1.595E-02 3829.08 
SP 5 0.04691 5.316E-03 1326.92 
SP 6 0.01564 1.773E-03 256.36 
SP 7 5.213E-03 5.908E-04 MISSED 
Calibration of Ash Standard Soln 
Fluorene - high range 
Intercept:-143,764 +/-304,590 
Slope: +299,020 +/- 3,982 
Rsq = 0.9986 df = 8 
unweighted standard error 
= 0.92 ng 
0 10 20 30 40 50 
nanograms on-column 
60 70 
• Split 100:1 • Split 15:1 
Calibration of Ash Standard Soln 
Fluorene - middle range 
best fit (dropping 1 datum): 
intercept = -257,095 +/- 28,575 
slope =+321,101 +/-6,599 
Rsq = 0.9992 df = 2 
• 
unweighted standard error 
= 0.07 ng 
0 3 4 5 
nanograms on-column 
6 7 8 
• Split 100:1 • Split 15:1 
30 
Table 9. Quantitative Response of Acenaphthene in Standard Dilutions 
(A) With Split Ratio 100:1 
Sample Concentration (g/L) On Column Load (ug) Peak Area (x 10 ~3) 
SP 1 3.800 6.460E-02 20481.80 
SP 2 1.267 2.150E-02 7329.90 
SP 3 0.4222 7.177E-03 2376.10 
SP 4 0.1407 2.392E-03 732.38 
SP 5 0.0469 7.973E-04 202.84 
(B) With Split Ratio 15:1 
SP 3 0.422 4.780E-02 15429.90 
SP 4 0.1407 1.595E-02 4500.13 
SP 5 0.04691 5.316E-03 1646.59 
SP 6 0.01564 1.773E-03 450.33 
SP 7 5.213E-03 5.908E-04 176.88 
Calibration of Ash Standard Soln 
Acenaphthene - high range 
0 
Intercept: 22,679 +/- 369,293 
Slope: 324,648 +/- 4,655 
Rsq = 0.9982 df = 9 
10 
unweighted standard error 
= 1.03 ng 
20 30 40 50 
nanograms on-column 
60 70 
• Split 100:1 • Split 15:1 
Calibration of Ash Siandard Soln 
Acenaphthene - middle range 
Intercept: -65,746 +/- 38,309 
Slope: +342,372 +/-6588 
Rsq = 0.9985 df = 4 
jzr" 
0 
unweighted standard error 
= 0.09 ng 
3 4 5 
nanograms on-column 
6 7 8 
• Split 100:1 • Split 15:1 
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Figure 7. Chromatogram used to calculate minimum detection limits for dilution SP-3. 
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Comparison shows that the Shimadzu GC/MS system used for the study is much more 
sensitive, about 5 to 25-fold greater sensitivity. The results also show that the instrument is 
much more sensitive in the selected ion monitoring mode (SIM mode), by a good two orders 
of magnitude. This technique is particularly useful, especially if the parent masses or the 
mass-to-charge ratio of the base peak is well known. 
Table 10. Minimum Detection Levels, ng On-column 
Compound Harrison14 SCAN SIM 
Naphthalene 1.7 0.031+/-0.04 0.0023+/-0.0004 
Acenaphthene 6.8 0.27+/-0.05 0.0024+/-0.0005 
Fluorene 10.2 0.37+/-0.04 0.0035+/-0.0003 
Anthracene 11.1 0.46+/-0.07 0.0009+/-0.0001 
Pyrene 4.5 0.53+/-0.05 0.0005+/-0.0001 
Harrison, F.L; Bishop, D.J; Mallon, B.J; "The Kinds And Quantities of Organic Combustion 
Products in Solid and Liquid Wastes from a Coal-fired Power Station", Lawrence Livermore 
Laboratory Rept. UCRL-53336, August, 1983, p.42. 
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B. Extraction Technique 
The standard ash prepared was extracted using three different methods: reflux slurry, 
Soxhlet and ultrasonic bath. In the reflux slurry method, the sample is agitated using a 
magnetic stirrer and hot solvent is the extracting medium. In the case of the Soxhlet, no 
means of agitation was used. Condensing vapors of the solvent in contact with the ash in the 
thimble, serve to extract the components of interest. In the ultrasonic bath, high frequency 
sound waves are used to increase intimate contact between the solvent and ash. In each case, 
the solvent used was the toluene-methanol azetrope. Five gram portions of the ash were used 
for each extraction. The extract was then concentrated to 4 mL using the Kuderna Danish 
concentrator. No internal standard was used since the primary concern in this investigation 
was obtaining a good estimate of a good extraction technique. The concentrated extract was 
then analyzed by each GC/MS method to determine the most sensitive technique. 
Table 11 shows the amount of each component present in five grams of the ash. The 
first column indicates the amount in 100 mL of the standard solution. Since 99 mL was used 
to 'dope' the ash, the amount of each component in 99 mL of solution was calculated. 
Exactly 308.5 g of ash was 'doped' with this solution. The amount of each component 
present on 5 g of the ash is calculated as follows: 
Ash + Amount of all solutes in 99 mL = 308.5g + 6.087 g = 314.59 (total 'loaded'ash) 
Amount of all solutes in 5 g of loaded ash: 
5 g x 6.087 g = 96.7mg 
314.59 g 
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Table 11. Loadings of Standard Solution and Standard Ash 
Amount in 
Solute a/100 mL g/mL g/99 mL mg/5 g of ash 
Naphthalene 1.140 0.0114 1.1286 17.9 
Acenaphthene 1.140 0.0114 1.1286 17.9 
Fluorene 1.140 0.0114 1.1286 17.9 
Anthracene 0.7125 0.0071 0.7054 11.2 
2-Methylanthracene 0.2777 0.0028 0.2749 4.30 
Pyrene 0.9975 0.0100 0.9875 15.6 
Chrysene 0.7125 0.0071 0.7054 11.2 
B enzo [ghi] perylene 0.0285 0.0003 0.0282 0.500 
Amount of each component in 5 g of the ash is calculated as follows: 
Amount in 100 mL x 96.7 mg 
6.148 g 
As an example, the amount of anthracene in 5 g of the ash: 
0.7125 g x 96.7 mg = 1 1 . 3 m g 
6.148 g 
Since the extract was concentrated to 4 mL, the amount in 4 mL is equal to the theoretical 
yield or to a yield expected if the technique were 100% efficient. 
Hence, the theoretical yield for anthracene = 11.3 mg/4 mL = 2.8 mg/mL = 2.8 //g///L. 
Table 12 illustrates results obtained for each technique: ultrasonic, reflux slurry and 
Soxhlet, by each of the three GC/MS methods. Part A illustrates the results obtained by 
Table 12. Comparison of Extraction Efficiencies for the Different Methods 
A. Standard (for 1 //L nominal injection) 
Solute 
Naphthalene 
Acenaphthene 
Fluorene 
Anthracene 
of Component 
11.4 
11.4 
11.4 
7.1 
For a 1 uL Nominal Injection 
2-Methylanthracene 2.8 
Pyrene 9.9 
Chrysene 7.1 
Fastscan 
2.413E+08 
2.914E+08 
2.890E+08 
2.628E+08 
2.914E+08 
3.318E+08 
3.193E+08 
PAH 
4.491E+08 
4.491E+08 
4.158E+08 
2.539E+08 
4.491E+09 
3.288E+08 
1.257E+08 
L5051031 
9.798E+07 
8.705E+07 
9.798E+07 
5.229E+08 
1.990E+07 
6.533E+07 
4.098E+07 
U) 
Table 12. Comparison of Extraction Efficiencies for the Different Methods (continued) 
B. Ash extract reflux slurry method 
Fastscan Method 
Solute 
Theoretical PAH Method 
ug/uL Peak Area ugluL Efficiency Peak Area ug/uL Efficiency Peak Area 
L5051031 Method 
Naphthalene 4.49 
Acenaphthene 4.49 
Fluorene 
Anthracene 
2-Methyl 
anthracene 
Pyrene 
Chrysene 
4.49 
2.80 
1.09 
3.92 
2.80 
none 0.000 0.0% 
7.486E+06 0.293 6.5% 
none 0.000 0.0% 
none 0.00 0.00 
2.318E+07 0.598 13.3% 
3.148E+07 0.863 19.2% 
6.329E+06 0.172 6.1% 8.082E+06 0.277 8.1% 
7.459E+07 0.711 65% 8.082E+06 0.002 0.2% 
none 
none 
0.000 0.0% 2.700E+07 0.819 20.9% 
0.000 0.0% 6.917E+06 0.392 14.0% 
ixgJuL Efficiency 
none 0.000 0.00 
4.656E+05 0.061 1.4% 
6.146E+05 0.072 1.6% 
5.659E+06 0.071 2.7% 
1.801E+06 0.251 23.0% 
7.167E+06 0.110 2.8% 
4.475E+06 0.778 27.8% 
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Table 12. Comparison of Extraction Efficiencies for the Different Methods (continued) 
C Ash extract Soxhlet method 
Theoretical Fastscan Method PAH Method L5051031 Method 
Solute u-gJyL, Peak Area //gAuL Efficiency Peak Area ugJuL Efficiency Peak Area ug/uL Efficiency 
Naphthalene 4.49 
Acenaphthene 4.49 
Fluorene 4.49 
Anthracene 2.80 
2-Methyl 
anthracene 
Pyrene 
Chrysene 
1.09 
3.92 
2 .80 
none 0.000 0.00% 
6.227E+07 2.436 54.3% 
8.660E+07 3.416 76.2% 
7.624E+07 2.067 73.7% 
2.606E+07 0.248 22.7% 
1.037E+08 3.118 79.4% 
4.813E+07 1.074 38.3% 
none 0.000 0.00% 
2.140E+07 0.543 12.1% 
3.314E+07 0.909 20.3% 
9.832E+06 0.276 9.8% 
9.832E+06 0.006 0.6% 
5.548E+07 1.683 42.9% 
1.136E+06 0.064 2.3% 
3.970E+04 0.005 0.1% 
7.845E+06 1.027 22.9% 
1.073E+07 1.226 27.3% 
2.860E+06 0.039 1.4% 
2.860E+06 0.399 36.5% 
1.313E+07 2.005 51.1% 
8.210E+06 1.426 50.9% 
U) 
vo 
Table 12. Comparison of Extraction Efficiencies for the Different Methods (continued) 
D. Ash extract ultrasonic method 
Solute 
Naphthalene 4.49 
Acenaphthene 4.49 
Fluorene 
Theoretical Fastscan Method 
ug/uL Peak Area ug/uL Efficiency 
PAH Method L5051031 Method 
Anthracene 
2-Methyl 
anthracene 
Pyrene 
Chrysene 
4.49 
2.80 
1.09 
3.92 
2.80 
none 0.000 0.00% 
2.162E+08 8.458 188% 
2.636E+08 10.40 231% 
1.721E+07 0.467 16.6% 
1.712E+07 0.178 16.3% 
3.672E+08 11.04 281% 
3.972E+08 8.86 316% 
Peak Area ug/uL Efficiency Peak Area 
3.072E+07 0.780 17.4% 
4.545E+08 11.54 257% 
6.537E+08 17.92 399% 
6.651E+08 18.66 665% 
3.321E+08 0.205 18.8% 
9.277E+08 28.14 717% 
4.545E+08 25.76 919% 
none 
y.g!uL Bffidency 
0.000 0.00% 
8.846E+07 11.59 258% 
1.207E+08 14.04 313% 
1.012E+08 1.379 49.2% 
3.957E+07 5.52 505% 
1.357E+08 20.72 528% 
8.846E+07 15.38 548% 
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making an injection of 1 /J.L (nominal) of standard solution. The area under the peak for each 
component can be used as a suitable indicator for the amount of material present. 
Part B compares the efficiencies of the reflux slurry method by the fastscan, PAH and 
L5051031 methods, respectively. Calculation to determine the amount in the extract is done 
as follows: 
Amount in the extract= Area of the component in the ash x Concentration in standard 
Area of the component in standard 
For example, the amount of anthracene in the extract is calculated as: 
(6.239E + 06) x 7.125 ug/uh = 0.172jug/fxL 
2.628E + 08 
Efficiency of the method/detection technique is calculated as follows: 
Amount in extract (ug/uL) ;expressed as a percentage 
Theoretical amount (//g//zL) 
Hence, efficiency of extraction for anthracene by the reflux slurry technique using the 
Fastscan method for detection is (0.172 yUg/yU.L/2.803 [igjiAJ) x 100 = 6.1% 
The same reasoning is followed for the other methods and techniques as expressed in parts 
C and D of the table. 
From all the data represented in Table 12 it would be reasonable to conclude that for 
most components on the ash the ultrasonic method of extraction seems to be the most 
efficient. Since some of the results indicate this method to be a little too efficient at this stage 
it is thought to be due to the lack of internal standards for absolute quantitation. 
Figure 8 is a comparison of the amount of each component obtained by the three 
different extraction techniques and three different analysis programs. The component with 
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FLUORENE 
US refl Soxh 
by 10.4 0 3.42 
FASTSCAN 
58% [ 0% 19% 
by 17.92 0 0.91 
PAH 
100% | 0% | 5% 
by 17.02 0 1.51 
L5051031 
95% | 0% | a% 
ANTHRACENE 
US refl Soxh 
by 0.467 0.17 2.07 
FASTSCAN 
3% | 1% | 11 % 
by 18.66 0.23 0.276 
PAH 
100% | 1% | 1% 
by 13.79 0.771 0.39 
L5051031 
74% | 4% | 2% 
PYRENE CHRYSENE 
US refl Soxh US refl Soxh 
by 11.04 0 3.12 by 8.863 0 1.074 
FASTSCAN FASTSCAN 
39% | 0% | 11% 17% | 0% | 2% 
by 28.14 0.82 1.68 by 53.616 0.39 0.064 
PAH PAH 
100%J | 3% | 6% 100% | 1% | 0% 
by 2204 116.4 213.3 by 9.509 0.778 1.427 
L5051031 L5051031 
7832% | 414% | 758% 18% | 1% [ 3% 
ACENAPHTHENE 
US refl Soxh 
by 
FASTSCAN 
8.458 
73.0% 
0.293 
| 2.5% 
2.436 
| 21.0% 
by 11.537 0.588 0.543 
PAH 
99.6% | 5.1% [ 4.7% 
by 
L5051031 
11.585 
100.0% 
0.061 
| 0.5% 
1.027 
| 8.9% 
METHYLNAPHTHYLENE 
US refl Soxh 
by 
FASTSCAN 
0.164 
13% 
0.711 
| 56% 
0.248 
| 20% 
by 
PAH 
0.205 
16% 
0.005 
0% 
0.006 
| 0% 
by 
L5051031 
1.262 
100% 
0.057 
| 5% 
0.091 
I 7% 
Figure 8. Comparison of jig of each component extracted for method detection. 
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the maximum /zg present in the extract is taken as 100% extraction. This method shows 
remarkable internal consistency. The PAH program used for the analysis is by far the most 
sensitive of the three GC/MS programs used, for most of the components. The results also 
indicate that the ultrasonic method of extraction is also a consistently better method. 
Figure 9 also makes a similar comparison utilizing the area under the curve for each 
component as an indicator of the efficiency of the method. It can be inferred that the 
ultrasonic method is a superior extraction technique and the PAH is a more sensitive method 
of detection. 
C Solvent Effects 
Extraction studies were done on the standard ash to evaluate the role of the solvent 
and its effect on the extraction procedure. The solvents chosen were toluene, o-xylene and 
methylene chloride. The compound ortho-xylene is chemically very similar to toluene. It has 
a higher boiling point (144°C) as compared to that of toluene (111 °C). Xylene was chosen 
to evaluate what effect (if any) a higher boiling solvent would have, especially when solvent 
in the vapor phase is involved. 
The extraction techniques of choice were the reflux slurry and the ultrasonic methods. 
The GC/MS method of analysis used was the fastscan program, due to the short duration of 
analysis time involved. Each time 5 g of the standard ash was extracted by each solvent-
toluene, o-xylene and methylene chloride. Both extraction techniques were employed on each 
of the solvents. Table 13 represents the results obtained by the replicate analysis of the 
extracts of the three solvents by the ultrasonic method. At every instance the extract was 
concentrated to 4 mL. The calculations are done in a manner 
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ACENAPHTHENE 
US refl Soxh 
by 2.162E+0B 7.485E+06 6.227E+07 
FASTSCAN 
47.6% 1
 1.6% ' IS.7% 
by 4.545E+08 2.318E + 07 2.140E+07 
PAH 
100.0% ' 5.1% 1
 4.7% 
by 8.846E+07 4.655E+05 7.845E + 06 
L5051031 
19.5% C.1% 1.7% 
METHYLANTHRACENE 
US refl Soxh 
by 
FASTSCAN 
1.721E+C7 7.459E+07 2.60SE+07 
5% 22% ! 8% 
by 
PAK 
; 3.321 E+08 8.082E+06 9.832E+06 
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Figure 9. Comparison of peak areas of each component extracted for method detection. 
Table 13. Comparison of Solvent Extraction Efficiencies for the Ultrasonic Method 
A. Using Toluene 
Amount in Standard Peak Area in 
Component ugJuL Standard 
Naphthalene 11.40 
Acenaphthene 11.40 
Fluorene 11.40 
Anthracene 7.13 
2-Methylanthracene 2.78 
Pyrene 
Chrysene 
9.98 
7.13 
2.413E+07 
2.910E+08 
2.890E+08 
2.630E+08 
2.910E+08 
3.320E+08 
3.190E+08 
Theoretical Amount 
ugtidL 
4.488 
4.488 
4.488 
2.805 
1.093 
3.928 
2.805 
Peak Area in 
Extract 
0.000 
0.000 
0.000 
1.029E+07 
5.450E+06 
1.295E+07 
1.415E+07 
Amount Extracted 
ug/uL 
0.000 
0.000 
0.000 
0.279 
0,052 
0.389 
0.316 
Efficiency 
0.00% 
0.00% 
0.00% 
9.95% 
4.75% 
9.91% 
11.26% 
Table 13. Comparison of Solvent Extraction Efficiencies for the Ultrasonic Method (continued) 
B. Using o-xylene 
Amount in Standard Peak Area in Theoretical Amount Peak Area in 
Component 
Naphthalene 
Acenaphthene 
Fluorene 
Anthracene 
2-Methylanthracene 
Pyrene 
Chrysene 
Mg/^L 
11.40 
11.40 
11.40 
7.13 
2.78 
9.98 
7.13 
standard 
2.413E+07 
2.910E+08 
2.890E+08 
2.630E+08 
2.910E+08 
3.320E+08 
3.190E+08 
ueJuL 
4.488 
4.488 
4.488 
2.805 
1.093 
3.928 
2.805 
Extract 
0.000 
0.000 
0.000 
2.400E+06 
0 . 0 0 0 
4.050E+06 
2.250E+06 
Amount Extracted 
ligJuL Efficiency 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0,065 
0 . 0 0 0 
0.122 
0.050 
0.00% 
0.00% 
0.00% 
2.32% 
0.00% 
3.10% 
1.79% 
Table 13. Comparison of Solvent Extraction Efficiencies for the Ultrasonic Method (continued) 
C. Using methylene chloride 
Amount in Standard Peak Area in 
Component ug/uL Standard 
Naphthalene 11.40 
Acenaphthene 11.40 
Fluorene 11.40 
Anthracene 7.13 
2-Methylanthracene 2.78 
Pyrene 9.98 
Chrysene 7.13 
2.413E+07 
2.910E+08 
2.890E+08 
2.630E+08 
2.910E+08 
3.320E+08 
3.190E+08 
Theoretical Amount 
U-gJuL 
4.488 
4.488 
4.488 
2.805 
1.093 
3.928 
2.805 
Peak Area in 
Extract 
6.523E+06 
2.675E+08 
3.316E+08 
3.537E+08 
1.743E+08 
4.480E+08 
4.374E+08 
Amount Extracted 
U-g/uL Efficiency 
0.2703 
0.9193 
1.147 
1.355 
0.598 
1.350 
1.370 
6.03% 
20.49% 
25.54% 
47.98% 
54.72% 
34.37% 
48.83% 
- J 
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material extracted. The theoretical amount (that which should be present in 4 mL of extract) 
is taken as 100% efficiency. 
Table 14 represents the results of the replicate analysis obtained by the reflux slurry 
method. From this data, it is evident that methylene chloride is a better solvent, followed by 
toluene and o-xylene in that order. Methylene chloride is able to extract volatile components 
like naphthalene from the ash. The compound ortho-xylene is a very poor solvent as is 
evident from the fact that only a few of the components were extracted, and also in low yield. 
D. Quantitation 
In order to determine the efficiency of the extraction techniques, a last block of 
experiments was performed. Fresh 'standard ash' doped with two components, anthracene 
and pyrene, was prepared. The internal standard used was 4-bromophenyl ether. Two 
extraction techniques, namely reflux slurry and ultrasonic, were used. The solvents chosen 
for this study were methylene chloride and toluene. Each experiment was repeated. The 
extract from each experiment was concentrated and the volume was made up to 5 mL. In 
each aliquot, 1 mL of a lmg/mL bromophenyl ether solution was added. 
First, a solution containing 62.5 mg each of bromophenyl ether, anthracene and pyrene 
was prepared by dissolving in 25 mL of toluene. A 1 mL aliquot was successively diluted by 
adding 2 mL of toluene. Four such dilutions were done. Table 15 illustrates the 
concentration of each component in successive dilutions. 
Table 14. Comparison of Solvent Extraction Efficiencies for the Reflux Slurry Method 
A. Using toluene 
Amount in Standard Peak Area in Theoretical Amount Peak Area in 
Component 
Naphthalene 
Acenaphthene 
Fluorene 
Anthracene 
2-Methylanthracene 
Pyrene 
Chrysene 
Mg/jU-L 
11.40 
11.40 
11.40 
7.13 
2.78 
9.98 
7.13 
standard 
2.413E+07 
2.910E+08 
2.890E+08 
2.630E+08 
2.910E+08 
3.320E+08 
3.190E+08 
Mg/ML 
4.488 
4.488 
4.488 
2.805 
1.093 
3.928 
2.805 
Extract 
0.000 
8.270E+07 
2.600E+07 
1.750E+07 
5.180E+06 
2.420E+07 
8.780E+06 
Amount Extracted 
MgAuL 
0.000 
3.240 
1.026 
0.474 
0.049 
0.728 
0.196 
Efficiency 
0.00% 
72.2% 
22.9% 
16.9% 
4.52% 
18.5% 
6.99% 
vO 
Table 14. Comparison of Solvent Extraction Efficiencies for the Reflux Slurry Method (continued) 
B. Using o-xylene 
Component 
Naphthalene 
Acenaphthene 
Fluorene 
Anthracene 
2-Methylanthracene 
Pyrene 
Chrysene 
Amount in Standard 
A^g/^ L 
11.40 
11.40 
11.40 
7.13 
2.78 
9.98 
7.13 
Peak Area in Theoretical Amount Peak Area in Amount Extracted 
Standard 
2.413E+07 
2.910E+08 
2.890E+08 
2.630E+08 
2.910E+08 
3.320E+08 
3.190E+08 
mLjL 
4.488 
4.488 
4.488 
2.805 
1.093 
3.928 
2.805 
Extract 
0 . 0 0 0 
0 . 0 0 0 
3.810E+05 
6.002E+05 
0,000 
8.581E+05 
4.054E+05 
Ug/UL 
0 . 0 0 0 
0 . 0 0 0 
0.00132 
0.00228 
0 . 0 0 0 
0.00259 
0.00127 
Efficiency 
0.00% 
0.00% 
0.029% 
0.081% 
0.00% 
0.07% 
0.045% 
o 
Table 14. Comparison of Solvent Extraction Efficiencies for the Reflux Slurry Method (continued) 
C. Using methylene chloride 
Amount in Standard 
Component ^g///L 
Naphthalene 11.40 
Acenaphthene 11.40 
Fluorene 11.40 
Anthracene 7.13 
2-Methylanthracene 2.78 
Pyrene 9.98 
Chrysene 7.13 
Peak Area in Theoretical Amount Peak Area in Amount Extracted 
Standard Mg/^L Extract ugJuL Efficiency 
2.413E+07 4.488 0.000 0.000 0.00% 
2.910E+08 4.488 0.000 0.000 0.00% 
2.890E+08 4.488 0.000 0.000 0.00% 
2.630E+08 2.805 4.960E+06 0.134 4.79% 
2.910E+08 1.093 1.410E+06 0.013 1.23% 
3.320E+08 3.928 1.219E+07 0.366 9.33% 
3.190E+08 2.805 6.180E+06 0.138 4.92% 
Table 15. Composition of the Internal Standard Solutions 
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Dilution Number Concentration (mg/ mL) Components 
Stock solution (1) 2.5 anthracene, 4-bromophenyl ether, 
pyrene 
2 0.833 anthracene, 4-bromophenyl ether, 
pyrene 
3 0.278 anthracene, 4-bromophenyl ether, 
pyrene 
4 0.093 anthracene, 4-bromophenyl ether, 
pyrene 
This series of experiments was performed with the aim of determining the linear 
working range of each procedure with respect to each component. Solutions of the extract 
were analyzed by two GC/MS programs—fastscan and PAH. Figures 10, 11, and 12 illustrate 
graphically the results of the analyses. The graphs are fairly linear with the exception of 
pyrene. Hence, feeling the need for better data handling, a peak fit was done on the results. 
All the components—anthracene, pyrene and the internal standard— seem to obey an equation 
of the type 
y = a + b(x)c 
where y represents the corrected counts or the corrected peak areas, a, b and c are the 
constants obtained from the curve fit equation and x represents the concentration of interest. 
Calibration curves for ANTHRACENE 
FASTSCAN (solid) and PAH (open squares) 
loading, mg/mL 
Calibration curves for ANTHRACENE 
FASTSCAN (solid) and PAH (open squares) 
loading, mg/rriL 
Calibration curves for ANTHRACENE 
FASTSCAN (solid) and PAH (open squares) 
0 
[ ] 
PAH (excluding highest datum): 
0.26E5 + 105.89E5 * mg/mL 
Rsquare = 0.9999 
FASTSCAN: -2.31 E5 +33.61 E5 * 
Rsquare = 0.9995 
i i 
mg/mL 
i 
0 0.5 1 1.5 2 
BPE loading, mg/mL 
2.5 
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Figures 13, 14 and 15 represent values obtained for each component using the fastscan 
program for analysis. In every instance, 1 mL of bromophenyl ether (BPE) of concentration 
1 mg/mL was added. Figures 16, 17 and 18 show the results of curve fitting on data obtained 
by the PAH method. In this instance, too, a similar power law equation is obtained. 
The calculations are performed as follows: 
The adjusted counts for BPE (Badj) = a + b(x)c; the values of a, b, c are obtained from 
the graph. Since, the 1 mg/mL of BPE added was diluted to 5 mL, the concentration 
is 0.2 mg/mL. Using a value of x = 0.2 mg/mL and appropriate values of a, b and c, 
in the equation 
Badj = -62206 +3095970(0.2)' 07019 gives a value of 4.9 x 105. 
Calculations for the adjusted counts for anthracene and pyrene by the two analytical 
methods are done as follows: 
C
 adj = (C obs x B adj)/B obs, where; 
Bobs = Observed counts (peak area in the chromatogram) for the internal standard 
Badj = Adjusted counts for the internal standard (obtained from the equation) 
C
 adj = Adjusted counts for the component PAH (obtained from the formula) 
Table 16 shows the results of the calculations for the adjusted counts for anthracene and 
pyrene using fastscan. The method of extraction and solvent used is also indicated. Table 17 
illustrates similar results for the PAH method. Amount of each component present in three 
grams of the ash (amount used for every extraction) is calculated as follows: 
100 g of the ash contains 0.2503 g of each component. 
Totally, 100.0 + 0.5006 = 100.5 g of'loaded ash.' 
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Figure 18. Curve fitting for pyrene (PAH). 
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Table 16. Calculations for the Adjusted Counts Using the Fastscan Method 
(A) For Anthracene 
C obs B-adj 
1870802 490846 
1296005 490846 
1314080 490846 
1210712 490846 
2718841 490846 
8619985 490846 
806972 490846 
387239 490846 
(B) For Pyrene 
1697715 490846 
1159665 490846 
1114376 490846 
1018661 490846 
2196375 490846 
7262473 490846 
699211 490846 
155615 490846 
£ obs C-adj— 
375747 2.444E+06 
2659545 2.392E+06 
227614 2.834E+06 
321540 1.848E+06 
523398 2.550E+06 
1562119 2.709E+06 
94015 4.213E+06 
33019 5.757E+06 
375747 2.218E+06 
2659545 2.140E+06 
227614 2.403E+06 
321540 1.555E+06 
523398 2.060E+06 
1562119 2.282E+06 
94015 3.651E+06 
33019 2.313E+06 
Extraction Method 
Ultrasonic toluene 
Ultrasonic toluene 
Reflux Slurry toluene 
Reflux Slurry toluene 
Ultrasonic CH2C12 
Ultrasonic CH2C12 
Reflux Slurry CH2C12 
Reflux Slurry CH2C12 
Ultrasonic toluene 
Ultrasonic toluene 
Reflux Slurry toluene 
Reflux Slurry toluene 
Ultrasonic CH2C12 
Ultrasonic CH2C12 
Reflux Slurry CH2C12 
Reflux Slurry CH2C12 
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Table 17. Calculations for the Adjusted Counts Using the PAH Method 
Badj = a + b(x)Ac; -1.2387E-05 + 1.06098E+07 (0.2)A0.994393672 
Badj = 2141193.164, this is the adjusted peak area for the internal standard 
(A) For Anthracene 
obs c_ 
9613599 
6871093 
ELdj 
6342406 
B 
•obs -adj Extraction Method 
2.141E+06 26788551 7.434E+05 Ultrasonic toluene 
2.141E+06 1237010 
14008302 2.141E+06 1741950 
2.141E+06 2128598 
10474867 2.141E+06 986219 
6989636 2.141E+06 859033 
2550975 2.141E+06 286824 
1640622 2.141E+06 116122 
(B) For Pyrene 
9244800 2.141E+06 26788551 
7367689 2.141E+06 1237010 
9473869 2.141E+06 1741950 
4670814 2.141E+06 2128598 
9415142 2.141E+06 986219 
4358870 2.141E+06 859033 
3183551 2.141E+06 286824 
530301 2.141E+06 116122 
1.189E+07 Ultrasonic toluene 
1.722E+07 
6.380E+06 
2.274E+07 
1.742E+07 
1.904E+07 
3.025E+07 
1.165E+07 
4.698E+06 
2.044E+07 
1.083E+07 
2.377E+07 
9.778E+06 
Reflux Slurry toluene 
Reflux Slurry toluene 
Ultrasonic CH2C12 
Ultrasonic CH2C12 
Reflux Slurry CH2C12 
Reflux Slurry CH2C12 
7.149E+05 Ultrasonic toluene 
1.275E+07 Ultrasonic toluene 
Reflux Slurry toluene 
Reflux Slurry toluene 
Ultrasonic CH2C12 
Ultrasonic CH2C12 
Reflux Slurry CH2C12 
Reflux Slurry CH2C12 
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Total amount of each component on 3 g of ash = (3 x 0.2503 g )/100.5006 = 7.47 mg 
Ash extract was diluted to 5 mL. Hence, the amount of each component in mg/mL of extract 
is 7.47 mg/5 mL, or 1.49 mg/mL. This number also corresponds to an extraction efficiency 
of 100%. Table 18 illustrates the results obtained for extraction efficiency. The analytical 
method is the fastscan method. 
The concentration of the analyte is calculated as follows: 
The equation is C adj = a + b(x)Ac, where x = concentration. 
Hence, the concentration in mg/mL = exp{(l/c)ln[(Cadj - b)/a]} 
Table 19 illustrates similar results for the PAH method. Table 20 compares the 
efficiencies of the replicate runs. Figure 19 summarizes the results which are shown in detail 
in Tables 18-20. It is evident that for both the components, anthracene and pyrene, methylene 
chloride is the better solvent. The distinction between the methods is at best nebulous, but 
using methylene chloride as solvent, the ultrasonic method is a easier technique to use, since 
reflux slurry involves solvent loss. Of the two analytical programs, PAH affords higher 
recoveries, while fastscan has better repeatability. 
Table 21 shows the calculations for the reproducibility of the analytical methods and 
extraction techniques. It also indicates that the ultrasonic technique has better reproducibility 
and greater precision as compared to the reflux slurry method. A precision of 1.5% is a fairly 
good value, given the nature of the fly ash and the large number of variables involved such 
as inhomogeneity of the ash surface, variations in integration parameters used for area 
integration and variations in instrument sensitivity. 
Table 18, Calculations for Extraction Efficiency Using the Fastscan Program 
(A) For anthracene 
Q = (Cadj -b)/a 
C adj 
2.444E+06 6.814E+03 
Concentration 
Q in Extract (mg/mL) Efficiency Method 
5.381E+06 1.093E+00 0.4529 
2.392E+06 6.814E+03 5.381E+06 1.093E+00 0.4433 
2.834E+06 6.814E+03 5.381E+06 1.093E+00 0.5254 
1.848E+06 6.814E+03 5.381E+06 1.093E+00 0.3422 
2.550E+06 6.814E+03 5.381E+06 1.093E+00 0.4726 
2.709E+06 6.814E+03 5.381E+06 1.093E+00 0.5022 
4.213E+06 6.814E+03 5.381E+06 1.093E+00 0.7817 
5.757E+06 6.814E+03 5.381E+06 1.093E+00 1.0686 
0.485 
0.475 
0.555 
0.375 
0.504 
0.533 
0.798 
1.063 
32.5% Ultrasonic toluene 
31.9% Ultrasonic toluene 
37.3%) Reflux slurry toluene 
25.2% Reflux slurry toluene 
33.8% Ultrasonic CH2C12 
3 5.7% Ultrasonic CH2C12 
53.6% Reflux slurry CH2C12 
71.3% Reflux slurry CH2C12 
Table 18. Calculations for Extraction Efficiency Using the Fastscan Program (continued) 
(B) For pyrene 
-C-adj 
Concentration 
Q in Extract (mg/mL) Efficiency 
2218E+06 -6.349E+03 4.981E+06 1.016E+00 0.4466 
2.140E+06 -6.349E+03 4.981E+06 1.016E+00 0.4309 
2.403E+06 -6.349E+03 4.981E+06 1.016E+00 0.4837 
1.555E+06 -6.349E+03 4.981E+06 1.016E+00 0.3135 
2.060E+06 -6.349E+03 4.981E+06 1.016E+00 0.4148 
2.282E+06 -6.349E+03 4.981E+06 1.016E+00 0.4594 
3.651E+06 -6.349E+03 4.981E+06 1.016E+00 0.7342 
2.313E+06 -6.349E+03 4.981E+06 1.016E+00 0.4656 
0.452 
0.437 
0.489 
0.319 
0.420 
0.465 
0.738 
0.471 
30.3% 
31.9% 
32.8% 
21.4% 
28.2% 
31.2% 
49.5% 
31.6% 
Method 
Ultrasonic toluene 
Ultrasonic toluene 
Reflux slurry toluene 
Reflux slurry toluene 
Ultrasonic CH2C12 
Ultrasonic CH2C12 
Reflux slurry CH2C12 
Reflux slurry CH2C12 
G\ 
- J 
Table 19. Calculations for Extraction Efficiency Using the PAH Program 
(A) For Anthracene 
Q = (C
 adj - b)/a 
-adj 
7.434E+05 4.250E+05 
1.189E+07 4.250E+05 
1.722E+07 4.250E+05 
6.380E+06 4.250E+05 
2.274E+07 4.250E+05 
1.742E+07 4.250E+05 
1.904E+07 4.250E+05 
3.025E+07 4.250E+05 
Q 
1.831E+07 1.052E+00 0.0174 
1.831E+07 1.052E+00 0.6261 
1.831E+07 1.052E+00 0.9172 
1.831E+07 1.052E+00 0.3252 
1.831E+07 1.052E+00 1.2186 
1.831E+07 1.052E+00 0.9281 
1.831E+07 1.052E+00 1.0166 
1.831E+07 1.052E+00 1.6288 
Concentration 
in Extract (mg/mL) Efficiency Method 
0.0213 
0.641 
0.921 
0.344 
1.21 
0.932 
1.02 
1.59 
1.426% Ultrasonic toluene 
43.0% Ultrasonic toluene 
61.8% Reflux slurry toluene 
23.1 % Reflux slurry toluene 
81.0% Ultrasonic CH2C12 
62.5% Ultrasonic CH2C12 
68.2% Reflux slurry CH2C12 
106.7% Reflux slurry CH2C12 
G\ 
00 
Table 19. Calculations for Extraction Efficiency Using the PAH Program (continued) 
(B) For Pyrene 
-adj Q 
1.275E+07 1.128E+06 1.887E+07 1.338E+00 0.6158 
1.165E+07 1.128E+06 1.887E+07 1.338E+00 0.5575 
4.698E+06 1.128E+06 1.887E+07 1.338E+00 0.1892 
2.044E+07 1.128E+06 1.887E+07 1.338E+00 1.0233 
1.086E+07 1.128E+06 1.887E+07 1.338E+00 0.5157 
2.378E+07 1.128E+06 1.887E+07 1.338E+00 1.1998 
9.778E+06 1.128E+06 1.887E+07 1.338E+00 0.4584 
Concentration 
in Extract (mg/mL) Efficiency Method 
0.696 
0.288 
0.288 
1.02 
0.610 
1.15 
0.558 
46.7% Ultrasonic toluene 
43.4% Reflux slurry toluene 
19.4% Reflux slurry toluene 
68.3% Ultrasonic CH2C12 
40.9% Ultrasonic CH2C12 
76.9% Reflux slurry CH2C12 
37.5% Reflux slurry CH2C12 
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Table 20. Comparison of Extraction Efficiencies 
Anthracene, Fastscan Anthracene, PAH 
RS US RS US 
TOL 31.2 32.2 61.8 43 
MC 62.5 34.8 87.4 71.? 
Pyrene. Fastscan Pyrene. PAH 
RS US RS US 
TOL 27.1 29.8 43.4 45 
MC 40.6 29.7 76.9 68.3 
RS = Reflux slurry method 
US = Ultrasonic method 
Tol = Toluene solvent 
MC = Methylene chloride solvent 
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Figure 19. Comparison of extraction efficiencies. 
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Table 21. Repeatibility of Extraction Techniques Using Fastscan Analysis 
Analyte Extraction Technique Solvent Yield 1 
Anthracene Reflux slurry Toluene 37.2% 
Anthracene Reflux slurry CH2C12 32.8% 
Reflux slurry Toluene 53.6% Pyrene 
Pyrene Reflux slurry 
Anthracene Ultrasonic 
Anthracene Ultrasonic 
Pyrene Ultrasonic 
Pyrene Ultrasonic 
CH2C12 49.5% 
Toluene 33.8% 
CH2C12 30.3% 
Toluene 33.8% 
CH2C12 28.2% 
Yield 2 A 
25.2% 12.0 144.0 
21.4% 11.4 129,96 
71.3% 17.7 313.29 
31.6% 17.9 320.41 
35.7% 1.9 3.61 
31.9% 1.6 2.56 
35.7% 1.9 3.61 
31.2% 3.0 9.00 
Sum of A2 
Analyses n 
Variance 
All Data 
926.44 
16 
57.90 
Standard deviation 7.6% 
Reflux Slurry 
907.66 
8 
113.46 
10.7% 
Ultrasonic 
18.78 
8 
2.35 
1.5% 
IV. CONCLUSIONS 
This study encompasses the effect of extraction techniques, solvent as well as 
analytical methodology used. Although no definite conclusions can be reached with regards 
to the most efficient method of extraction, there exists a definite trend among the solvents 
chosen. Methylene chloride is by far the superior solvent as compared to toluene. The 
solvent ortho xylene has very little extraction capacity, if at all. When using methylene 
chloride as solvent, there is not much difference in the efficiencies between reflux slurry and 
ultrasonic techniques. However, in the reflux slurry method, the solvent is heated to its 
boiling point. Since methylene chloride is volatile, this experiment is difficult to set up and 
perform to completion. Also, using the GC/MS as an analytical tool, it was found that the 
PAH program is more sensitive as compared to the Fastscsan. The PAH program has a much 
slower heating rate in steps of 5°C/min and 7°C/min. with several isothermal plateaus, 
whereas the Fastscan has a heating rate of 20°C/min. and is also a more repeatable. An 
optimum program may be one that uses a temperature ramp of 10-12°C/min. 
Among the extraction techniques, the ultrasonic method is more precise and 
reproducible, though not necessarily the most efficient. Variances which might account for 
the broad spread of results include factors arising from the inhomogeneous nature of the fly 
ash substrate, variations in extraction procedures, instrument sensitivity with time and factors 
involved in choosing integration parameters in calculating peak areas. 
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